Abstract. 2014 We have quantitatively studied the production of low energy (0.1-10 eV) metal neutral beams by laser vaporization of thin metal foils. For the experimental geometry available on the TFR tokamak, this technique results in the injection of 1015 neutrals in a time of ~ 300 03BCs.
1. Introduction. - The study of impurities behaviour in tokamak devices is probably one of the most important subjects on the way to the development of fusion. Indeed, radiation losses due to line radiation from highly (but incompletely) stripped heavy impurities (as well as bremsstrahlung from light impurities) can eventually prevent the operation of fusion reactors.
The impurity dynamics is generally studied by looking at the behaviour of impurities naturally present in the plasma [1] . However, in this case one has no influence on the origin of impurities and it is therefore difficult to interpret the experimental results. One way of preventing this difficulty is to inject in an already established plasma a short puff of a given impurity. This is often done by injecting a short gas puff [2, 3, 4] . However, pulsed gas injection of impurities has several drawbacks. First of all, there is only a limited number of available gases. Secondly, due to the thermal velocity of room temperature gases, the injected pulses have a width of several milliseconds, a time long compared to the relevant times for impurities in tokamak plasmas (i.e., diffusion time, ionization and recombination times). Thirdly, and equally important, injected gas particles have low energies, and this prevents them from penetrating the scrape-off region. This problem is generally overcome by overflooding the edge of the plasma, in order to get sufficient impurity penetration; unfortunately, this solution has the drawback of cooling the plasma edge, thus modifying the base plasma.
These problems have been overcome by the injection of metallic neutral beams produced by a laser technique. These neutral sources have been proposed by Friichtenicht [5] , who developed a laser vaporization technique in which a thin layer of the material to be vaporized (almost all metals can be used) is deposited on a glass slide and the laser is focused onto the material from the rear through the glass substratum. Marmar et al. [6] fire the laser on a metal foil held between two stainlesssteel discs i.e., no glass disc. As expected, the results were in this case much more irreproductible, but the total number of neutrals thus produced was considerably less (this is due to the fact that, when using the glass substratum, the hot plasma produced by laser irradiation cannot expand and therefore heat is efficiently conducted from the plasma to the remaining solid material). figure 4 for an Al foil 2 03BCm thick. In this figure, the solid line has been obtained by using the activation method in order to obtain the density scale. Note the excellent agreement (both in absolute value and in shape) between the activation curve and the absorption curve with a lamp temperature of 2 000 K (this temperature value, resulting in a Gaussian half-width of the emitted line of 1.14 x 10-2 Á, is given by the manufacturer. How figure 5 , together with the ion number measured by the charge collector. It can be seen that the number of neutrals goes through a maximum for a laser energy density of 7 J/cm2 ; after this value, the number of neutrals decreases, while at the same time the number of ions increases. However, the number of neutrals is not the only parameter which varies when changing the energy density on target ; indeed, also their energy spectrum varies. This is illustrated in figure 6 , where the variation with energy density of the peak density energy is shown. Increasing the energy density on target increases the energy at the peak of the produced neutrals. At the same time, also the ion energy increases. Note that, for the energy density range studied here, the number of neutrals is approximately three orders of magnitude higher than that of ions, while the ion energy is one order of magnitude higher than the neutral one. Finally, although in these experiments the ions were extracted from the beam before the absorption cell, this operation is not necessary when injecting in a tokamak, since the ions are prevented from entering the plasma by the magnetic field.
4. 2 VACUUM. -During the experiments described above, a variation of neutral density with vacuum condition was noticed. It was soon found out that the neutral density depends (at least for vacuum pressures higher than 10-6 torr) on the residual gas pressure. This effect was quantitatively investigated by means of a calibrated air leak, and the results are shown in figure 7 . The number of atoms in the beam does not depend on the residual gas pressure for values below 10-6 torr, but it decreases with increasing pressure above this value (but without change in the energy spectrum). This effect is interpreted as due to collisions with the residual gas, scattering neutral particles out of the beam. [12] (but which is at considerable variance with the results of Marmar et al. [6] ). Of course, in order to meaningfully compare the results of figure 10 , we have checked that the energy spectrum does not change (within the experimental accuracy) over the solid angle studied here.
A consequence of this uniform distribution, is that the ratio of number of neutrals before and after the drift tube is in the exact ratio of the two solid angles (i.e., 0.08). [9] and (1) Note that in these experiments, due to the small solid angle, the optical thin conditions is satisfied. Marmar et al. [6] + Pulse width at half maximum at the end of the drift tube.
